INTRODUCTION
Low temperatures cause a decrease in the absorption and movement of water in plants (1, 2, 3, 9, 10) . This reduction is less in species native to cool environments than in species which normally grow in warm ones (10) . This has been attributed to the combined effects of decreased permeability of the root membranes and the increased viscosity of the water. Kramer (9) observed that water flow through root systems increased as temperature was increased to 35 C, the highest temperature studied.
Application of kinetic theory to similar biological systems has been made with success (8) . This approach can reveal much concerning factors that limit the rate of biological processes that are not now well known.
MATERIALS & METHODS
The procedure was to measure the amount of water flowing through various plant tissues subjected to given hydraulic pressure differences at different temperatures. These measurements were obtained by A, placing the plants in a special water-filled system which sealed the roots and leaves in separate adjoining chambers, B, applying a mechanical pressure (suction) difference to the system, and C, measuring the amount of water that flowed from one chamber through the plant to the other chamber by means of the movement of a mercury droplet in calibrated horizontal capillary tubes placed in both sides of the system. The apparatus was the same as that reported in the preceding paper (7) .
The temperatures 10, 20, 30, and 40 C and a suction difference of 35 cm of mercury were chosen for the experiment. The procedure was to start at one of the temperatures; take the rate measurements when the temperature inside the chambers was in 1 
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equilibrium with the water bath temperature: then change the temperature quickly and repeat the rate measurements, and proceed until measurements were obtained at the four temperatures. Some runs started at the lowest temperature and proceeded to the highest temperature. The reverse of this was also used, as well as starting at one of the middle temperatures. A few experiments started at the lowest temperature and progressed to the highest, then proceeded back down to the starting temperature. The purpose of this was to see if the movement of water through the plant changed appreciably during the experiment. The flow usually decreased somewhat at the end of the run, probably as a result of changing conditions within the plant tissue. The small magnitude of this decrease was further minimized by performing the experiment at the four temperatures rapidly. Measurements of the water flow through whole plants, stems plus roots, stems plus leaves, and stems were recorded at each temperature for both the normal (roots to leaves) and negative (leaves to roots) directions.
Application of the kinetic theory to the movement of water through plant tissues consisted of A, directly measuring the water movement as a function of time at a series of temperatures; B, obtaining the rate constant or transmission coefficient k by evaluating the slope of the plot water flow versus time; C, applying the Arrhenius equation by plotting log of the rate constant versus the reciprocal of the absolute temperature, to obtain the apparent activation energy (5), and D, using the results as guides to interpret the mechanisms involved. In order to compare with the apparent activation energies, temperature coefficients were calculated by determining the ratio of the rate at one temperature to that at a temperature 10 0 cooler. Examples of the water flow-time graphs are shown in figures 1 and 2. The slope of these plots yields the rate constant or transmission coefficient. The slopes of the plot, log of the rate constant versus the reciprocal of the absolute temperature, were obtained statistically. This made it possible to calculate the standard errors of the apparent activation energies.
RESULTS & DISCUSSION
Some of the plots of the log k versus 1/T are shown in figure 3 .
The rate of water movement through the plant with respect to time was a straight-line relationship over the temperature range studied. This indicates a zero order rate equation thus suggesting that the 0 II., IL. 4r flow of water through the plant is independent of the amount of water that has passed through the tissue. The plot, log of the rate constant k versus the reciprocal of the absolute temperature, was also linear, confirming that the data were in satisfactory agreement with the Arrhenius equation over the chosen temperature range. The apparent activation energies for 4 .74 kcal/mole) are about the same as the activation energies calculated for the self-diffusion of water (4.60 kcal/mole) and the viscosity of water (4.59 kcal/mole). The same activation mechanism is involved in these two phenomena. The close agreement of these activation energies, coupled with the tube-like construction of the conducting vessels of the stem, leads to the oonclusion that the water movement through the plant stem is probably by viscous flow.
The apparent activation energies were higher -for water moving through roots than through stems or leaves and they were higher for leaves than stems. This indicates that the molecular mechanisms of water movement through these three tissues are different.
The observed activation energies for movement of water through the roots and leaves are between those expected for the self-diffusion or viscosity of water and those for the breaking of the hydrogen bond as indicated by activation energy for evaporation and vaporization of water. This suggests that the interaction of the water with the colloids in the root tissues results in a molecular mechanism for water flow that has an energy barrier greater than for simple viscous flow or diffusion, but not as great as the barrier caused by breaking hydrogen bonds and vaporization. Low (11) has shown that an increase in viscosity of water that results from interaction of water with clay colloids caused an increase in activation energy for flow of water through saturated clay pastes. Sinlilar interactions with plant colloids would cause an increase in activation energy. One can not tell from studies of this kind whether the interaction with the colloids and water is purely physical or whether the colloid itself changed with temperature. The data do indicate that the interaction of water with the colloids of the roots raises the energy barrier higher than the interaction with the leaf colloids.
Visual observation of the data indicates that the difference in activation energy for flow in the normal and negative directions was probably not significant. Apparent activation energies were calculated for the water movement in both directions in order to verify this conclusion. The results recorded in table II show that a small difference exists between the apparent activation energies for the normal and negative directions. These differences, not always in the same direction, are less than twice the standard deviation. Therefore, they are probably due to experimental errors. This leads to the conclusion that the same molecular mechanism is operating on the water in the plant tissue regardless of the direction that the water is flowing.
SUM MARY
Experiments were conducted to gain information on the effect of temperature on water transport through plants. The rate of water flow through several plant tissues was measured. Temperature coefficients were calculated and used to help analyze the effect of temperature on water transfer through these tissues. The Arrhenius theory was applied to the data to obtain the activation energies for the water flow from its temperature dependence.
The activation energy for water flow through the plant stem was in good agreement with those calculated for the self-diffusion and viscous flow of water. This indicates that possibly one process (probably viscous flow) which involves the same activation mechanism as diffusion, is involved in water movement through the plant stem. The apparent activation energies were higher for water moving through roots than through stems or leaves, and they were higher for leaves than stems. This indicates that the mechanisms of water movement through leaves and roots were more complex than either simple diffusion or viscous flow.
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